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The elevated expression of PD-1, 
BTLA, and other co-inhibitory 
molecules on T cells from cancer patients 
has become an accepted signature for a 
state called T-cell "exhaustion" that has 
emerged almost as dogma in the field. 
However, here we propose that in some 
cases this "exhausted" T-cell phenotype 
may instead be an indicator of T cells that 
are in a more heightened state of T-cell 
activation more susceptible to negative 
regulation rather than being "exhausted." 
This alternative interpretation fits in line 
with the view that CD8* T-cell activation 
in cancer results from a continuum of 
signals regulating their differentiation 
towards potent effector cells. 

Biomarkers are especially attractive in 
immunology as a way of identifying a 
subpopulation of cells based on their 
differentiation, function, or activation 
state. One way of describing activation, 
as proposed in models of viral infection 
(e.g., by HIV or the lymphocytic chorio- 
meningitis virus LCMV) is the concept 
of "exhaustion." 1 Exhausted T cells have 
been defined as a pool of dysfunctional 
cells resulting from chronic antigen 
stimulation, which are unable to respond 
further (cell progressively lose their ability 
to proliferate, secrete cytokines and exert 
cytotoxic functions), even after resting. 2 
Negative costimulatory markers associated 
with exhaustion include: PD-1, TIM-3, 
LAG-3 and the recently described B- and 
T-lymphocyte attenuator (BTLA). 2,3 Such 
exhaustion markers have also been utilized 
to describe the state of tumor-infiltrating 
lymphocytes (TILs) and tumor-specific 



T cells in the peripheral blood. 4 ' 5 
However, are these cells really exhausted? 
Is exhaustion conceptually the way we 
should view these cells? 

This question goes to the heart of 
how we view CD8 1 " T-cell activation and 
differentiation as well as of how these 
processes can be altered in cancer. 
High expression of PD-l and other 
co-inhibitory molecules have been 
described as markers of dysfunctional 
and exhausted T cells following repeated 
antigenic stimulation, especially in cells 
isolated from the tumor microenviron- 
ment (Fig. I, Model l). However, many 
of these studies do not analyze additional 
phenotypic and functional attributes of 
these T cells that may be critical, especially 
their memory and differentiation status 
(i.e., the pathway toward fully differen- 
tiated cytotoxic T lymphocytes, CTLs). 
Furthermore, in vivo blockade of PD-l 
and TIM-3 has been shown to restore 
antiviral and antitumor responses and 
T cells placed in culture ex vivo rapidly 
regain their full activity. 6 " 8 In the field of 
tumor immunology, an alternative view 
of exhaustion is that of a state in which 
T cells are highly activated, yet incom- 
pletely differentiated, hence lacking the 
expected effector functions of cytokine 
secretion and potent CTL activity. Thus, 
these cells are really effector-memory 
T cells in a heightened state of activation 
resulting from repeated stimulation. The 
increased expression of co-inhibitory mole- 
cules could be interpreted as a normal 
immune regulatory mechanism preventing 
these cells from becoming more activated 
and hence potentially harmful. Recent 
work by Duraiswamy et al. supports this 
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view. In an elegant gene expression 
analysis on sorted CD8 + PD-l +/h '^ T cells 
from healthy donors, they found that 
CD8*PD-l high T cells have a gene signa- 
ture that does not overlap with that of 
"exhausted" T cells from HIV-infected 
patients, but rather with that of previously 
activated effector-memory cells that would 
normally be on their way to differentiating 
into effector cells. 9 Thus, it is possible 
that PD-l h ' Kh CD8 + T cells in cancer 
patients may not be necessarily exhausted 



and be simply activated effector-memory 
cells that persist without further differen- 
tiating; a state in which they have a 
lower proliferative potential and suscepti- 
ble to more negative regulation by the 
immune system. 9 

Given these premises, it would make 
sense that CD8 + T cells isolated from 
tumors (which indeed are previously 
primed effector or effector-memory cells) 
exhibit a elevated state of activation due 
to repeated antigenic stimulation and/or 



the pro-inflammatory tumor micro- 
environment. These cells may be trying 
to differentiate into effector cells but are 
unable to do so due to a potential lack of 
proper co-stimulation or to the unfavor- 
able cytokine milieu. Therefore, these cells 
would exhibit elevated levels of PD-1 
expression as well as of other activation/ 
co-inhibition markers like TIM-3 and 
LAG-3, but would not downregulate 
BTLA (which normally happens when 
T cells differentiate). 10 This view is 




Figure 1. Models of CD8 + T-cell differentiation in cancer: Balancing the "exhaustion" paradigm. Model 1 is based on viral infection, showing cytotoxic 
T lymphocyte (CTL) function upon activation. In this model, repeated stimulation results in terminal differentiation and exhaustion of these cells 
that can be observed ex vivo. Such a phenotype is marked by the expression of PD-1, TIM-3, LAG-3 and potentially BTLA. Model 2 describes an 
incomplete differentiation phenotype of CD8 + T cells in a tumor setting. In this case, if CTLs receive optimal antigen re-stimulation, they will 
downregulate BTLA and progress to terminally differentiated effector cells with a similar phenotype as described in Model 1. However, if CTLs receive 
suboptimal stimulation, they may only partially differentiate and retain BTLA expression, while simultaneously expressing PD-1, TIM-3, and LAG-3 and 
other co-inhibitory molecules. Ligation of PD-1 on these highly activated CD8 + T cells in vivo would result in a phenotype that may be mistaken as 
the "exhaustion" described in Model 1 , due to negative signals that persist through the isolation and primary culture ex vivo. Eventually, this brake might 
be overcome by expanding T cells ex vivo (akin to releasing cells from anergy with IL-2) or by the use of PD-1 blocking antibodies when these cells come 
into contact with cells expressing PD-L1 or PD-L2 in vitro. An adjuvant such as CpG oligonucleotides (which is often given in combination with antigen- 
specific vaccines) could result in the activation of innate immune response and lead to proper T-cell co-stimulation, pushing them to complete their 
differentiation program toward CTLs while downregulating BTLA and PD-1 (these co-inhibitory molecules would become unnecessary due to the limited 
proliferative potential of highly differentiated CTLs). 
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supported by work in melanoma TILs 
showing that tumor antigen-specific 
CD8 + T cells are enriched in the PD-1 + 
population. 4 These seemingly "exhausted" 
CD8 + T cells are highly susceptible to 
negative regulation because they are trying 
to do what they are supposed to do: 
differentiate into effector cells. However, 
while the underlying reasons remain 
unclear, as these cells are only partially 
differentiated, they have lost some of their 
proliferative potential. 

Another possible interpretation explain- 
ing the presence of seemingly exhausted 
CD8 + T cells in cancer is that PD-1 + cells 
might have recently been stimulated by 
PD-1 ligands (PD-L1 or PDL-2) in vivo, a 
scenario that appears very likely in cancer 
patients. This may occur frequently, 
especially when PD-1 becomes constitu- 
tively expressed following the hypomethy- 
lation of its locus in the genome. 11 Thus, 
signaling via PD-1 may persist over 
protracted periods of time, even after cell 
isolation, resulting in the inhibition of 
T-cell activation and expansion after ex 
vivo re-stimulation. (Fig. 1). This can be 
mistakenly interpreted as T-cell exhaus- 
tion, a term implying a fundamental shift 
in the differentiation program of T cells, 
rather than an ongoing inhibitory signal 
that has persisted through isolation and 
sorting procedures. This view is supported 
by the fact that in many cases, the isolated 
T cells rapidly regain their ability to divide 
and perform effector functions after a few 
days or even a few hours in culture. 

We and others have demonstrated that 
CD8 + TILs can be induced to proliferate 
ex vivo despite high levels of PD-1, BTLA, 
TIM-3 and other exhaustion-associated 
markers and that these TILs can mediate 
potent antitumor responses upon adoptive 
transfer into patients. 12 ' 14 Thus, either 
exhaustion does not exist in practice or it 
can be overcome through ex vivo expan- 
sion, much like T-cell anergy was classically 
shown to be overcome by IL-2-induced 
proliferation. 15 The ability to activate 
and expand highly functional CD8 + 
TILs ex vivo for adoptive cell therapy 
also supports the view that negative co- 
stimulatory signals simply act on these 
T cells in vivo, curtailing their differentia- 
tion as a normal feedback mechanism 
"reigning in" highly activated T cells rather 



than being a process of "exhaustion." 
Recent reports show that PD-L1 expression 
in melanoma is actually a positive rather 
than a negative prognostic indicator. 16 The 
explanation for this paradox may be that 
highly activated (PD-L, BTLA + and TIM- 
3 + ) T cells penetrate into the tumor 
microenvironment releasing interferon y 
(IFNy) and other inflammatory cytokines 
that induce PD-L1 and PD-L2 expression 
in tumor cells as an "adoptive resistance" 
mechanism that attempt to control these 
highly activated TILs. 17 

Another case in point is a recent 
report on melanoma antigen (NY-ESO- 
l)-specific CD8 + T cells that were found 
to express higher levels of BTLA, PD-1 
and TIM-3 than cytomegalovirus (CMV)- 
specific T cells from the same patient. 18 
In this setting, BTLA was suggested to 
be upregulated in tumor-specific CD8 + 
T cells to facilitate the induction of an 
exhausted phenotype. However, this inter- 
pretation is contradictory to the fact that 
all peripheral naive CD8 + T cells constitu- 
tively express BTLA and, in fact, primed 
T cells downregulate BTLA as they differ- 
entiate toward and effector of effector- 
memory phenotype. 19 Furthermore, in an 
elegant gene chip analysis of freshly-sorted 
MART- 1 -specific CD8 + T cells isolated 
from invaded lymph nodes by Speiser's 
group in Lausanne found that BTLA did 
not appear in an "exhaustion" gene sig- 
nature using gene set enrichment analysis. 5 
Additional work by the Lausanne group 
compared the expression and function of 
BTLA in CD8* T cells (from MART-1 
peptide-vaccinated melanoma patients) at 
different stages of differentiation to virus- 
specific T cells at similar stages of differ- 
entiation. 10 They found that BTLA was 
not upregulated by MART-1 -specific CD8 + 
T cells, but rather not downregulated as a 
result of the normal T cell differentiation 
program seen in viral-specific T cells. 
Furthermore, when the same authors 
looked at another cohort of patients 
vaccinated with the MART-1 peptide, 
this time in together with CpG oligo- 
nucleotides (to activate innate immunity 
and stimulate Type I IFN production 
and maturation of dendritic cells, DCs), 
antigen-specific CD8 + T cells were found 
to often become BTLA-negative (presum- 
ably due to BTLA downregulation) and 



acquire more potent antitumor effector 
cell properties. This supports the view 
that primed MART- 1 -specific CD8 + 
T cells expressing BTLA from the first 
cohort were not exhausted but rather that 
CD8 + T-cell differentiation was defective. 
Thus, the co-expression of BTLA and 
PD-1 may simply mark highly activated 
T cells not proceeding through their 
normal course of differentiation in cancer 
patients. However, as implicated by the 
results of Speiser's group, manipulating 
the system with activators of the innate 
immune system (e.g., CpG) may restore 
the CD8* T-cell differentiation program 
(Fig. I; Model 2). 

Thus, CD8 + T cells from tumors and 
the periphery expressing PD-l, BTLA and 
other co-inhibitory molecules can be 
viewed as highly activated T cells that 
can be modulated through immuno- 
therapy, and not as "exhausted" cells. 
This concept proposes "the antitumor 
immunity glass" as half-full, not half- 
empty. The decreased ex vivo proliferative 
capacity of these cells is arguably a 
normal consequence of an incomplete 
differentiation toward effector cells and 
not of an actual exhaustion. Therefore, it 
may be counterproductive to remove 
these supposedly exhausted cells as a 
means of improving antitumor immunity. 
These cells are simply doing what they 
have evolved to do in these settings: not 
indiscriminately proliferate, but balance 
proliferation with a differentiation pro- 
gram into effector CTLs that includes 
curtailing cell division rates. These cells 
may be the key antitumor effector- 
memory cells to target for improving 
anticancer immunotherapy. This concept 
is critical for the development of new 
and more refined immunotherapeutic 
combinations. 14 ' 20 

In summary, we suggest that — as tumor 
immunologists — we keep an open mind 
towards our conceptual view of T-cell 
exhaustion when describing tumor anti- 
gen-specific T cells isolated from cancer 
patients expressing PD-l, BTLA, and 
other co-inhibitory molecules toward a 
view that keeps options open as to the true 
nature of these cells. More work needs 
to be performed to clearly define how 
T cells (especially CD8 + CTLs) normally 
differentiate (or don't differentiate) in 
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cancer patients. This will elucidate 
whether the supposedly exhausted pheno- 
type that many are describing indeed 
represents a state in which T cells exhibit 
a high activation state, are more prone to 
negative regulation and have not com- 
pletely differentiated (Fig. 1). We surmise 
that blocking PD-1 and other inhibitory 
molecules expressed on these so-called 
"exhausted," previously tumor antigen- 
primed, CD8 + T cells, or activating innate 
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